The effects of three dietary Ca and P levels and two protein levels on feedlot performance, serum minerals, bone development and soundness scores were evaluated in two trials with 192 crossbred boars. The following factorial arrangement of treatments was used in each trial: (1) 16-14% protein sequence -100% of NRC-recommended Ca and P levels for market barrows and gilts; (2) 16-14% protein -125% Ca and P; (3) 16-14% protein -150% Ca and P; (4) 18-16% protein sequence -100% Ca and P; (5) 18-16% protein -125% Ca and P, and (6) 18-16% protein -150% Ca and P. There were no overall differences in dai'.s g, in, daily feed intake and feed per unit of gain between boars fed diets containing 100, 125 and 150% Ca and P. During the growing phase, daily gain was higher (P<.10) and feed/gain lower (P<.01) for pigs fed 125% Ca and P. Although daily gain favored (P<.01) pigs fed the higher protein sequence during the growing phase, there was no overall difference. Feed/gain was lower (P<.05) during the growing phase for pigs fed the higher protein sequence, but there was no difference during the finishing phase. Dietary Ca and P • protein interactions were not significant. Serum P decreased (P<.01) as dietary Ca and P increased, with no difference in serum Ca and Mg, and there was no effect of tAppreciation is expressed to Charlie Babb and Carl Eure for feeding and caring for the pigs; to Helen Bartlett for analytical work; to Cindy Atkins for typing the manuscript; to Smith-Douglass, Division of Borden Chemical, Borden, Inc. for supplying ingredients; and to L. B. Allen, J. H, Carter and C. C. Brooks for evaluating the soundness of the pigs. These results provide limited evidence that feedlot performance and bone development of boars were improved when 125% NRC Ca and P levels were fed, but that overall soundness and foot scores and toe lesions and measurements were unaffected. There was little support for the feeding of higher Ca and P levels. With the exception of feed efficiency during the growing phase, no parameter was improved by the feeding of the higher protein sequence. There appears to be no interaction between dietary Ca and P and protein levels.
Introduction
It has been suggested that boars have a higher dietary requrement of Ca and P than barrows or gilts, because they normally grow faster, are more efficient and have leaner carcasses (Hays, 1976; Cromwell, 1978; Moser, 1978) . Limited evidence s,~ggests that the Ca and P requirement is increased when the protein level is increased (Reinhard et aL, 1976; Fammatre et al., 1977) . The National Swine Improvement Federation (Hubbard, 1976) recommends higher levels of protein and Ca and P for growing and developing boars than the NRC (1973) suggests for market hogs.
Like barrows and gilts, boars require a higher i~-,el of dietary Ca and P for maximum bone 1070 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 5, 1981 development than for maximum feedlot performance (Schroeder et al., 1974; Irlam et al., 1975) . However, the relationship of bone mineralization during growth and development to structural soundness is not clear. Kornegay and Thomas (1981) reported no influence of dietary Ca and P level fed during growth and development on structural soundness scores for barrows, gilts and boars at a / weight of 100 to 115 kg, even though breaking load and bone ash generally increased as the level of Ca and P increased. A similar finding was reported for boars (Nimmo et al., 1978) .
The objective of this research was to evaluate the effects of three levels of dietary Ca and P and two levels of protein on feedlot performance, serum minerals, soundness scores and bone development of growing and developing boars.
Experimental Procedure
Crossbred boars averaging 21 kg were randomly assigned from outcome groups based on weight to the following dietary protein and Ca and P levels in a 2 x 3 factorial arrangement of treatments: (1) 16-14% protein sequence -100% of NRC (1973)-recommended Ca and P levels for barrows and gilts; (2) 16-14% protein -125% Ca and P;(3) 16-14% protein -150% Ca and P; (4) 18-16% protein sequence -100% Ca and P; (5) 18-16% protein -125% Ca and P, and (6) 18-16% protein -150% Ca and P.
Composition of the low protein sequence diets is given in table 1. Crude protein, Ca and P levels are listed in table 2. The proportion of corn and soybean meal was varied to provide the higher protein sequences. Limestone and defluorinated phosphate were varied to provide desired Ca and P levels. The higher protein levels in each sequence were fed to 45 kg, and the lower levels were fed through the end of the test.
Analyzed levels of Ca and P as percentages of calculated levels were 117 and 103%, respectively.
There were 120 boars (five pens of four boars per treatment) in trial 2 and 72 boars (three pens of four boars per treatment) in trial 3. Blood samples were taken from the anterior vena cava just before the end of each trial. Pad and structural soundness scores were assigned as described by Kornegay and Thomas (1981) when boars weighed about 50 kg and again at the end of the trials. After thawing, the right foot, which had been removed at slaughter and frozen, was examined and given an overall score from 1 to 5. Four measurements were made on both the inside and outside toe (figure 1), and any lesions were located and recorded by a modification of the method described by Brooks et al. (1977) .
Laboratory procedures for blood serum and metacarpals were described by Kornegay and Thomas (1981) . In trial 2, the fourth metacarpal was boiled, the tissue removed and the bone dried before being broken, whereas the third metacarpal was broken fresh before being dried for a comparison of the breaking strength of wet and dry bones.
Data were analyzed by multivariate analysis of variance procedures, with individual values used as the experimental unit for all parameters except daily feed intake and feed per unit of gain, for which pen means were used as the experimental unit. Correlations coefficients were obtained from the residual sums of squares and sums of products. The data for trials 1 and 2 were compatible and combined for this report.
Results and Discussion

Performance
Ca and P Levels. There was no difference in performance during the finishing phase or overall between boars fed diets containing the various levels of Ca and P, although there was a trend for daily gain during the growing phase to be greater (P<.10) for pigs fed 125% Ca and P (table 3). Daily feed intake did not differ during any phases between boars fed the various levels of Ca and P. Feed/gain was lower (P<.01) during the growing phase for boars fed 125% Ca and P than for boars fed 100 or 150% Ca and P, but the differences were not significant during the finishing phase or overall.
In a previous paper in this series, Thomas and Kornegay (1981) observed improved daily gain, particularly during the growing phase, for boars and gilts fed 125% Ca and P as opposed to 100% Ca and P. In agreement with the present study, Thomas and Kornegay (1981) reported that daily feed intake did not differ between groups. Although they found that differences in feed to gain ratio were not significant, pigs fed 125% Ca and P level had the most desirable ratio. No differences in daily gain, daily feed and feed per unit of gain were reported for boars fed different levels of P with a constant Ca to P ratio (Irlam et al., 1975 -.50 to .86% P with a 1.25:1 Ca:P ratio; Nimmo et al., 1978 -. 5 to 1.0% P with a 1.3:1 Ca:P ratio; Hines et al., 1979 --. 45 to 1.05% P with a 1.2:1 Ca:P ratio). Cromwell et al. (1979) reported higher daily gain for boars fed a P sequence of .63-.53% than for those fed a sequence of .53-.43%, with no response to higher P levels. A constant level of Ca (.9-.8%) was fed with all P levels; thus, the Ca:P ratio varied from a high of 1.9:1 at the lowest level of P to a low of .96:1 at the highest level of P. The depressed gain at the lower P levels could have been due to the wide Ca:P ratio (1.9 and 1.7:1), because the effect of a wide Ca:P ratio becomes more critical as P becomes limiting in the diet (Cromwell et al., 1970; Doige et aL, 1975) . Cromwell et al. (1979) found no significant influence of P level on feed efficiency. Schroeder et al. (1974) reported a slight linear depression (P<.10) in daily gain and no difference in daily feed and feed/gain when boars were fed levels of P ranging from .5 to 1.0% with a Ca:P ratio of 1:1 or 1.2:1.
Protein Sequence. Protein sequence had no influence on daily feed intake and little influence on daily gain and feed per unit of gain (table 3) . Daily gain appeared to be higher (P<.10) during the growing phase for pigs fed the higher protein sequence, but overall gain favored pigs fed the lower sequence representing NRC (1973) recommendations. Feed/ gain was lower (P<.05) during the growing phase for pigs fed the higher sequence and overall favored (P<.10) pigs fed the higher sequence. Speer et al. (1957) , Creswell et al. (1975) and Luce et al. (1976) reported improved daily gain and reduced feed per unit of gain when boars were fed protein at levels higher than suggested by the NRC for barrows and gilts. Reinhard et al. (1976) , in a study of boars, gilts and barrows during the growing phase, and Fammatre et al. (1977) , in a trial with barrows and gilts in the finishing phase, found no improvement in growth rate and feed/ gain when higher-than-NRC-suggested protein levels were fed. They did find a dietary protein x Ca and P interaction resulting in improved feed/gain when the higher Ca and P levels were fed with higher protein levels. Dietary Ca and P levels x protein sequence interactions were not significant in the present trials. Scoring system: A and B, 0 = no lesion, 1 = lesion present; C through K, 0 = no lesion, 1 = small lesion, 2 = medium lesion or combination of two small lesions, 3 = large lesion or combination smaller lesions, 4 through 9 = combination lesionsl L, 0 = no lesion, 1 = small, 2 = medium, 3 = large lesion.
Measurements: (1) distance from distal periphery of the pad to the tip of the toe; (2) widest part of the toe along the distal periphery of the pad; (3) distance from the coronary band to the tip of the toe; (4) distance from the proximal periphery of the pad to the tip of the toe.
Serum Minerals
Ca and P Concentrations. In contrast to previous reports, serum P concentrations decreased (P<.01) as the dietary Ca and P level increased, but the magnitude of the decrease was small (table 4). Serum Ca and Mg concentrations were not influenced (P<.10). Bayley et al. (1975) reported higher serum P concentrations in boars and gilts fed .6 vs .4% P in combination with .8% Ca; however, further increases in the P level caused no further increases in serum P. The magnitude of the change was greater for the boars than for the gilts. Bayley et al. (1975) found little influence on serum Ca concentration. Doige et al. (1975) reported that serum P concentrations were not changed by low levels of dietary P when the Ca:P ratio was maintained near 1.3:1; however, when low levels of P were fed in combination with medium or high levels of Ca, serum P concentrations were reduced. The Ca:P ratio was 1.25:1 in those trials. Although an inverse relationship between serum P and serum Ca and Mg concentrations has been reported (Miller et al., 1964-; Cromwell et al., 1970; Doige et al., 1975; Kornegay and Thomas, 1981) , no relationship was observed in these trials.
Protein Sequence. Serum Ca, P and Mg concentrations were not influenced by protein level (table 4) . Reinhard etal. (1976) and Fammatre et al. (1977) reported that serum P concentrations declined as dietary protein was increased.
Bone Parameters
Ca and P Contents. Dried metacarpal weight, breaking load, stiffness, flexual modulus and ash were increased by the feeding of 125 and 150% of NRC recommended Ca and P levels (table 4). Length and Young's modulus of elasticity were not significantly increased. The magnitude of the increases was generally small. Some increases in breaking force and bone ash have been reported when dietary Ca and P levels higher than suggested by NRC have been fed to boars (Schroeder et al., 1974; Nimmo et al., 1978) and barrows and gilts ; however, other reports for barrows and gilts showed little or no increase (Cromwell et al., 1970 (Cromwell et al., , 1972 Doige et al., 1975; Fammatre et al., 1977; Kornegay and Thomas, 1981) . ~z~ M Protein Sequence. Except for length and ash, which were lower (P<.10) for boars fed the higher sequence, parameters were not influenced by protein sequence. The Ca and P x protein interactions were signficant for flexual modulus; maximum value was observed at 125% Ca and P with the 16-14% protein sequence, and at 150% Ca and P with the 18-16% sequence.
In a study of crossbred growing barrows and gilts, Reinhard et al. (1976) found that percentage of rib ash was reduced when protein levels were increased with constant Ca and P levels near those suggested by the NRC (1979). Fammatre et al. (1977) , in a study of finishing barrows and gilts, made a similar observation, but differences were not significant. This effect of higher protein levels on bone ash was not evident when higher Ca and P levels were fed (Reinhard et al., 1976; Fammatre et al., 1977) .
Pad, Soundness and Foot Scores and Toe Measurements
Ca and P Levels. Final scores were highest (P<.05) for boars fed 125% Ca and P, lowest for boars fed 150% Ca and P and intermediate for those fed 100% Ca and P (table 5) . Soundness scores at 50 kg decreased linearly as the Ca and P level increased (P<.05); however, final soundness scores did not differ between Ca and P levels. The overall score for the front foot removed at slaughter was not influenced by Ca and P level. Kornegay and Thomas (1981) reported a higher front foot score for boars fed 100% Ca and P than for those fed a higher (125%) and a lower (75%) P level.
In all cases in which significant lesions were observed, there was a greater percentage of boars with lesions on the outside toe than on the inside toe (table 6). With the exception of bruising and erosion of the heel, the severity of lesions was also greater for the outside toe. Over 60% of the boars had heel cracks on the outside toe. Over 40% had bruising of the heel and abaxial white line toe cracks on the outside toe. Over 30% showed erosion of the heel and vertical cracks of the fore and hind side wall of the outside toe. Only a few boars had abaxial heel-sole cracks, axial white line toe cracks, median toe cracks and longitudinal cracks of the side wall.
In general, there appeared to be little effect of dietary Ca and P on number and severity of erosions. A trend was observed for a linear re- duction in the number and severity of abaxial white line toe cracks as dietary Ca and P increased. There also appeared to be a reduction in vertical cracks of the fore and hind side wall among boars fed 125 or 150% Ca and P levels as opposed to 100% Ca and P. Toe measurements (table 5) were not influenced by Ca and P levels. But with the exception of measurement 1, they were generally larger for the outside toe than for the inside toe, a finding which agrees with those of Calabotta et al. (1979) .
Protein Sequence. With the exception of final pad scores, which were higher (P<.05) for boars on the higher protein sequence, soundness and foot scores, toe lesions and measurements were not influenced by protein sequence.
Wet versus Dried Metacarpal Parameters. Weight, length and breaking load were greater for wet metacarpals than for dried metacarpals, But stiffness, Young's modulus of elasticity, flexual modulus and ash were higher for dried metacarpals (table 7) . Breaking load, stiffness, Young's modulus of elasticity and flexual modulus of fresh (wet) metacarpal appeared to be more sensitive to varying dietary Ca and P levels than were the corresponding parameters of dried metacarpal. Ash content expressed as a percentage of dried, fat-free bone did not differ between wet and dried metacarpals 9
Weight and length of wet and dried metacarpals were highly positively correlated, as expected (table 8). As reported previously for dried metacarpals , both dried and wet weight were poorly correlated with breaking load and ash. Length of dried and wet metacarpals was negatively correlated with breaking load, stiffness, modulus of elasticity and flexual modulus, and was not highly correlated with ash.
Breaking load of dried and wet metacarpals was positively correlated with stiffness, modulus of elasticity and flexual modulus. Ash of dried and wet metacarpals was poorly correlated with breaking load, stiffness, modulus of elasticity and flexual modulus.
In conclusion, although the magnitude of the response was small, there was evidence of improved feed efficiency, particularly during the growing phase, when boars were fed diets with 125% Ca and P. The higher level of 150% produced feed to gain ratios that were not different from those for pigs fed 100% Ca and P. Daily gain was slightly improved during the growing phase, but was not different during the finishing phase. Contrary to previous findings, serum P levels were depressed slightly when dietary Ca and P levels were increased. Values for metacarpal parameters generally increased as dietary Ca and P levels increased, although the magnitude of the increase was small. Pad, soundness and foot scores and toe lesions and measurements were generally not infuenced by dietary Ca and P. Fresh metacarpals were slightly more sensitive than dried metacarpals to varying dietary Ca and P levels when breaking load, stiffness, modulus of elasticity and flexual modulus were determined. As previously reported, ash as a percentage of dried fat-free bone was sensitive to varying dietary Ca and P levels. Higher protein levels had little influence on feed intake and gain, but produced slightly lower feed to gain ratios, particularly during the growing phase. Protein sequence did not affect serum minerals or metacarpal parameters, except for length and ash, which were lower for the higher sequence. Soundness and foot scores, toe lesions and measurements were not influenced by protein sequence.
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